The Aspidosperma genus (Apocynaceae) represents one of the largest sources of indole alkaloids widely associated with cardiovascular effects. Aspidosperma fendleri, a plant found mainly in Venezuela, has a single phytochemical report in which is revealed the presence of alkaloids in its seeds. This study explored the cardiovascular effects of an ethanolic extract of A. fendleri leaves (EEAF) in spontaneously hypertensive rats (SHR) and its potential bioactive compounds. Using bioguided fractionation, fractions and pure compounds were intravenously administered to SHR and their effects on mean arterial blood pressure (MABP) and heart rate (HR) monitored over time. EEAF induced hypotensive and bradycardic effects as shown by significant reductions in mean arterial blood pressure (MABP) and heart rate (HR), respectively. Bioactivity-guided fractionation led to the isolation of a mixture of two known isomeric triterpenoid glycosides identified by spectral evidence as quinovic acid 3-O-β-rhamnopyranoside and quinovic acid 3-O-β-fucopyranoside. This mixture of triterpenoid saponins induced reductions in MABP and HR similar to those induced by propranolol. Together, these findings indicate that the two quinovic acid glycosides are responsible for the hypotensive and bradycardic effects which suggest their potential use in cardiovascular therapy.
Hypertension or high arterial blood pressure is one of the major factors that increase the risk of cardiovascular diseases [1, 2] , the leading cause of death in the world [3] , but the global proportion of hypertensive individuals whose condition is treated or controlled with medication remains low [4] .
Based on the perception that phytotherapy is cheaper, more efficient and better than modern medicine [5] , rural communities of Africa [6, 7] , Asia [8] and Latin America [6] use medicinal plants to treat hypertension and cardiac diseases. However, there are few phytochemical and pharmacological studies that scientifically support the hypotensive properties of these medicinal plants.
The Apocynaceae family with 1500 species and 424 genera is mainly distributed in tropical and subtropical regions of the world [9] . Some members of this family have ethnobotanical reports on their use as hypotensive medicinal plants [5] . The Aspidosperma genus represents one of the largest sources of indole alkaloids, with more than 250 isolated compounds, many of which have been associated with diverse cardiovascular effects [10] . For Aspidosperma fendleri, a plant mainly found in Venezuela and to a lesser extent in Colombia and Bolivia [11, 12] , a single phytochemical study has reported the presence of alkaloids in its seeds [13] , however there are no studies on its cardiovascular effects. Therefore, the aims of the present work were to evaluate the effect of the ethanolic extract of A. fendleri leaves (EEAF) on mean arterial blood pressure (MABP) and heart rate (HR) of anaesthetized spontaneously hypertensive rats (SHR) and to perform the isolation and structurally identification of its bioactive compounds.
To evaluate the cardiovascular effects of EEAF a single dose of 10 mg/kg was intravenously administered to anaesthetized SHR and its effects on MABP and HR continuously monitored as described below. As shown in Table 1 , EEAF produced a significant reduction in MABP (18.3%, p<0.01 vs basal and vs vehicle) and in HR (12.0%, p<0.05 vs basal and vs vehicle) of SHR. The time to reach the peak of hypotensive effect was 65 ± 12 seconds, which lasted longer than 45 minutes.
The isolation of the cardiovascular active compounds of EEAF was initiated by its fractionation based on differences in solubility using methanol: water (1:1), a procedure that generated a soluble fraction (MWSF) and an insoluble fraction (MWIF). The cardiovascular effects of these fractions in SHR are also shown in Table 1 ; while MWIF (5 mg/kg) injection had no cardiovascular effect, MWSF (5 mg/kg) injection led to a reduction of 17.2% (p<0.01 vs basal) in MABP and of 14.3% (p<0.05 vs basal) in HR, effects comparable to those obtained for EEAF (p>0.05 in both parameters), even in the time course characteristics. Further fractionation of MWSF by Sephadex LH20 column chromatography (CC) using methanol as eluent yielded two major fractions ("a" and "b"); only MWSF-b reproduced the reductions in MABP and HR (data not shown) observed for EEAF and MWSF injections. From fraction MWSF-b eight compounds (1-5, the mixture of 6a/6b and 7) were separated by low-pressure RP18 CC with a mixture of methanol/H 2 O (7:3) ( Fig. 1 ). After testing all compounds in SHR, only 6a/6b injected in a dose of 0.5 mg/kg (approximately twelve times less than present in a 10 mg/kg dose of EEAF), produced significant reductions in MABP (21.2%, p<0.01 vs basal) and in HR (11.1%, p<0.01 vs basal), responses that were similar to those produced by MWSF injection (5 mg/kg) (p>0.05 for both parameters) and slightly less NPC Natural Product Communications 2015 Vol. 10 No. 2 281 -284 (Figure 1 ). The mixture 6a/6b was obtained as a colorless amorphous powder and initially perceived as pure since it showed only one spot after being sprayed with ceric sulphate reagent on analytical thin layer chromatography [14] . However, its LC/MS indicated that 6a/6b is composed of two similar triterpenods with the same molecular ion peak at m/z 631.5. Its IR spectrum revealed the presence of hydroxyl (3429 cm -1 ), carbonyl (1694 cm -1 ) and double bond (1634 cm -1 ) functionalities. The 13 C-NMR spectrum of 6a/6b exhibited 45 carbon signals, some in pair signals with close chemical shifts and others overlapping, suggesting a mix of glycosidic triterpenoids. The DEPT 13 C-NMR of 6a/6b have 14 methyls, 18 methylenes, 24 methines and 12 quaternary carbons with two equivalent signals at δ 179.0 and δ 181.6 which correspond to 4 carboxyl groups. The 13 C-NMR had a quaternary olefinic C-atom at δ 133.8 (C13) and a tertiary one at δ 130.4 (C-12), suggesting a mixture of two urs-12-ene skeletons corresponding to two quinovic acid glycoside moieties. The detailed analysis of 1 H-NMR , 13 C-NMR, COSY, HMQC and HMBC spectra of 6a/6b indicated that each have one sugar moiety: a rhamnosyl unit ( 1 H-NMR H-1', δ 4.2, d, J=6.0 Hz; 13 C-NMR C-1', 107.0 ppm) linked at C-3 of one quinovic acid (90.7, CH by DEPT) and another fucosyl unit linked at C-3' of a second quinovic acid ( 1 H-NMR H-1", δ 4.3, d, J=6.0 Hz; 13 C-NMR C-1", 106.5 ppm), both attached in β-pyranosyl form [18] . Thus, this fraction was designated as a mixture of two known triterpenoids quinovic acid-3-O-β-rhamnopyranoside (6a) and quinovic acid-3-O-βfucopyranoside (6b), in a proportion of 0.87:1 respectively, according to the integral values observed in the 1 H-NMR spectrum.
Despite the previously mentioned expectations [10, 13] , the MWIF fraction which contains alkaloids had no cardiovascular effect in SHR (see table 1 ). Only the mixture 6a/6b retained the capacity of EEAF to induce hypotension and bradycardia in SHR, with similar responses to those produced by the β-adrenergic antagonist propranolol, even in its time course characteristics (table 1). To the best of our knowledge this is the first report of the cardiovascular properties of quinovic acid glycosides and also their first isolation from the Aspidosperma genus and even the Apocynaceae family. Quinovic acid glycosides have previously been isolated from the Rubiaecae and Zygophiyaceae families including Adina rubela, Guettarda platypoda, Cinchona pubescens, Zygophyllum sp., Nauclea sp., Isertia sp., and Uncaria tomentosa [18] [19] [20] [21] [22] [23] .
From the simplest structure-function analysis between the cardiovascular active quinovic acid glycosides 6a/6b and the → → → Cardiovascular effects of quinovic acid glycosides from A. fendleri Natural Product Communications Vol. 10 (2) 2015 283 structurally related compounds (3-5) (Fig 1) , it seems clear that those substituted with glycosides in R2 and doubly glycosylated in R1 appear to lack the cardiovascular activity. Although, the hypotensive and bradycardic mechanism of 6a and 6b is completely unknown, it is interesting that both compounds have been associated with the inhibition of snake venom phosphodiesterases [24, 25] . The enzymatic activity of phosphodiesterases promote the degradation of intracellular cyclic nucleotides such us cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP), which are well known mediators of the smooth muscle relaxation; therefore if 6a and 6b are involved in the inhibition of phosphodiesterases, then their actions will be favoring vasodilation, a mechanism implicated in lowering the blood pressure [26] . As hypertension is a multifactorial disease, different hypertensive approaches and models are required to study the hypotensive mechanisms of 6a and 6b.
Experimental
General: RediSep® Rf Reversed-phase C18 was used for low pressure CC, and silica gel 60 RP18 F254 (E. Merck) for TLC on glass (Merck). Sephadex®LH-20 (Sigma) was employed for gel permeation chromatography. 1 H-and 13 C-NMR spectra were obtained using a Bruker DRX 500 (500 MHz for 1 H and 125 MHz for 13 C) in DMSO-d6 and CD 3 OD. The HPLC-MS used was an Agilent 1260 series LC/MSD trap, SL model equipped with an electrospray interface (ESI). A column XBridge TM C18 4.6×75 mm, 2.5μm (Water, Ireland) was used and kept at 25 °C in the column compartment. All solvents used were of commercial HPLC grade.
Plant material:
The leaves of Aspidosperma fendleri were collected in August 2009 at the Parque Nacional Henri Pittier, Aragua, Venezuela. This specimen was identified by Dr. Alfonso Cardozo and a voucher specimen (AC1456) was deposited in the herbarium of Facultad de Agronomía, UCV, Maracay.
Animals:
Male SHR rats (250-300g) were used for all experiments and were obtained from the animal care service of IVIC. Animals were housed under conditions of control temperature (21±2 o C) and lighting (lights on 06:00-18:00 h). In addition, they had free access to food (RATARINA) and tap water. All animal procedures were approved by the bioethical committee of the Facultad de Farmacia de la UCV.
Drugs and chemicals:
Propranolol hydrochloride, ethanol, methanol and acetone reagent grade were purchased from Sigma-Aldrich (St. Louis, MO, USA). Fractions were analyzed by thin layer chromatography (TLC) (Merck). The TLC spots were revealed by the following spray-reagents: Dragendorff reagent for alkaloids as orange spots; 5% methanol solution of saturated ceric sulphate in concentrate sulphuric acid for detection of triterpenes and flavonoids, the presence of triterpenoids suggested by violet spots and flavonoids by yellow spots [8] [9] .
Cardiovascular assay: SHR were anesthetized by an intraperitoneal (i.p.) injection of sodium pentobarbital (40 mg/kg). The trachea was exposed and cannulated with a polyethylene catheter to avoid ventilation disturbances. Arterial blood pressure was recorded from the femoral artery through a catheter connected to a blood pressure transducer (MLT844, PowerLab) and a bridge amplifier (ML110, PowerLab) from which MABP and HR were continuously recorded using a 4/20 High Performance Data Recording System (PowerLab). To facilitate the intravenous (i.v.) administration of extract, fractions and isolated compounds from A. fendleri, an i.v. line was placed in the femoral vein using a polyethylene catheter. Once the basal conditions remained constant for more than 45 min, the changes in MABP and HR induced by the A. fendleri samples were recorded for at least 45 min after injection. Samples, at the indicated doses, were injected as a single bolus of 0.1 mL (5% DMSO in PSS, as vehicle) over 60 seconds. The doses of extract, fractions and isolated compounds from A. fendleri used in this study were the minimal doses that after inducing a significant hypotensive effect allowed the survival of rats for at least 2 hours. Propranolol (β-blocker) was used, at the indicated dose, as a positive control given its well established hypotensive and bradycardic properties.
Statistics:
Values are expressed as mean ± standard deviation. Statistical analysis was performed using unpaired Student's test and one-way ANOVA. Differences between basal values and maximal responses were considered significant when p<0.05.
Supplementary data: HPLC-MS chromatogram, 1 H-, 13 C-NMR spectra, DEPT135, HMQC and HMBC for compounds 6a/6b.
